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(54) Liquid crystal display device 

(57) A liquid crystal display apparatus comprising an 
amplitude detecting unit tor detecting an amplitude of a 
supplied video signal; a liquid crystal display for display- 
ing an image on a main surface based on the video sig- 
nal; a backlight for giving off light with a luminance which 
can be freely set from the back surface of the liquid crys- 
tal display to the main surface; and a luminance setting 
unit for variably setting the luminance of the backlight 
based on the amplitude detected by the amplitude de- 
tecting unit. 
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Description 

The present invention relates to a liquid crystal dis- 
play apparatus, more particularly relates to a liquid crys- 
tal display apparatus provided with a liquid crystal dis- 
play with a luminance which is adjusted using a back- 
light. 

A liquid crystal display apparatus 30 is provided 
with, for example, as shown in Fig. 1 of the accompa- 
nying drawings, a timing signal generation circuit 31 
which generates a timing signal when supplied with a 
horizontal/vertical synchronization signal; a liquid crys- 
tal display 32 in which transparent electrodes are ar- 
ranged in the form of matrix to form pixels; a column 
driver 33 which is supplied with a video signal and drives 
the electrodes of the pixels of every horizontal line of 
the liquid crystal display 32 at the video signal level of 
the respective pixels; a line driver 34 which drives the 
pixels for each of the horizontal lines; and a backlight 
35 which irradiates light from the back surface to the 
main surface of the liquid crystal display 32. 

In the liquid crystal display apparatus 30, in a state 
where light is irradiated to the liquid crystal display 32 
from the backlight 35, the column driver 33 and the line 
driver 34 are synchronized by a timing signal, and a vid- 
eo image is output from the liquid crystal display 32 by 
the video signal of every pixel supplied with the video 
signal level by the column driver 33, to the pixels of every 
horizontal line sequentially driven by the line driver 34. 

In the liquid crystal display apparatus 30, however, 
when the video signal level is small, the video signal lev- 
el is amplified or the zero level of the video signal level 
is raised in accordance with the video signal level, 
whereby the video signal level is brought to a high level 
and the video image is output from the liquid crystal dis- 
play 32. However, where the video signal level is ampli- 
fied when the video signal level is extremely small, the 
amplification rate becomes extremely large, a distortion 
occurs in the video signal, and there arise the problems 
that the quality of the image is deteriorated or the output 
image unnaturally changes at the switching of the am- 
plification rate. Also, where the zero level is raised, there 
arises a problem that there are few color tones which 
can be displayed and deterioration of the image such as 
pseudo contours occur. 

Also, in the liquid crystal display apparatus 30, 
when the video signal level of the video signal transi- 
tionally changes such as for example at the time of se- 
lection of a station, when the power source voltage is 
turned ON/OFF, etc., by outputting the image while fix- 
ing the video signal level to a black level etc., the quality 
of the picture of output image of the liquid crystal display 
32 is improved. 

However, the column driver 33 of the liquid crystal 
display 32 and the line driver 34 are driven by the black 
signal level etc. and the backlight 35 is turned on, there- 
fore there arises a problem that the power consumption 
is large. 



In consideration with the problems as described 
above, an object of the present invention is to provide a 
liquid crystal display apparatus which does not deterio- 
rate in the image quality even when the video signal lev- 
s el is small and can operate with a low power consump- 
tion. 

To achieve this object, according to a first aspect of 
the invention, the liquid crystal display apparatus is pro- 
vided with an amplitude detecting means for detecting 
an amplitude of a supplied video signal; a liquid crystal 
display for displaying an image on a main surface based 
on the video signal; a backlight for emitting a light from 
the back surface of the liquid crystal display to the main 
surface, the light emitted from the backlight having a lu- 
minance which is set variably; and a luminance setting 
means for variably setting the luminance of the backlight 
based on the amplitude detected by the amplitude de- 
tecting means. 

According to a second aspect of the invention, the 
liquid crystal display apparatus is provided with an am- 
plitude detecting means for detecting the amplitude of 
a supplied video signal; an amplifier for amplifying the 
video signal and having an amplification rate which can 
be freely set; a liquid crystal display for displaying an 
image on the main surface based on the video signal 
supplied from the amplifier; a backlight for emitting a 
light from the back surface of the liquid crystal display 
to the main surface, the light emitted from the backlight 
having a luminance which is set variably; and an inten- 
sity setting means for variably setting the luminance of 
the backlight and the amplification rate of the amplifier 
based on the amplitude detected by the amplitude de- 
tecting means. 

According to a third aspect of the invention, the liq- 
uid crystal display apparatus is provided with a time 
counting means for counts a time of continuation of a 
non-signal level of the supplied video signal; a liquid 
crystal display for display an image on the main surface 
based on the video signal; a backlight for emitting a light 
from the back surface of the liquid crystal display to the 
main surface, the light emitted from the backlight having 
a luminance which is set variably; and a luminance set- 
ting means for variably setting the luminance of the 
backlight based on the continuation time counted by the 
time counting means. 

According to a fourth aspect of the invention, the 
liquid crystal display apparatus is provided with a tran- 
sitory signal detecting means for detecting the transitory 
state of the supplied video signal; a liquid crystal display 
for displaying an image on the main surface based on 
the video signal; a backlight for emitting a light from the 
back surface of the liquid crystal display to the main sur- 
face, the light emitted from the backlight having a lumi- 
nance which is set variably; and a luminance setting 
means for variably setting the luminance of the backlight 
when the transitory state is detected by the transitory 
signal detecting means. 

According to the liquid crystal display apparatus of 
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the present invention provided with the above configu- 
rations, when the amplitude of the video signal detected 
by the amplitude detecting means is small, it is possible 
to lower the luminance of the backlight by the luminance 
setting means so as to suppress a reduction in the in- 
tensity which can be displayed by the liquid crystal dis- 
play. 

Also, when the amplitude of the video signal detect- 
ed by the amplitude detecting means is small, it is pos- 
sible to lower the luminance of the backlight and in- 
crease the amplification rate of the amplifier by the in- 
tensity setting means so as to suppress the reduction of 
the intensity which can be displayed by the liquid crystal 
display. 

Further, when the predetermined time is counted by 
the time counting means, it is possible to reduce the lu- 
minance or stop the emission of the backlight by the lu- 
minance setting means, whereby the liquid crystal dis- 
play displays an image by a black level etc. 

Still further, when a transitory state of the video sig- 
nal is detected by the transitory signal detecting means, 
it is possible to lower the luminance or stop the emission 
of the backlight by the luminance setting means, where- 
by the liquid crystal display displays an image by a black 
level etc. 

The invention will be further described by way of ex- 
ample, with reference to the accompanying drawings, 
in which:- 

Fig. 1 is a block diagram of a conventional liquid 
crystal display apparatus; 

Fig. 2 is a block diagram of a liquid crystal display 
apparatus according to the present invention; 

Fig. 3 is a block diagram of a principal part of a liquid 
crystal display apparatus; and 

Fig. 4 is a view of the configuration of an liquid crys- 
tal display of the liquid crystal display apparatus. 

Below, an explanation will be made of a preferred 
embodiment of a liquid crystal display apparatus ac- 
cording to the present invention by referring to the draw- 
ings. 

The liquid crystal display apparatus according to the 
present invention is a liquid crystal display apparatus 
which displays a video signal by a liquid crystal display 
and which is suitable for use for example for a wall type 
TV receiver, a thin TV receiver for multi-media, etc. 

The liquid crystal display apparatus is provided 
with, as shown in-Fig. 2, an NTSC demodulation speed 
conversion circuit 1 to which the video signal is supplied; 
a chrominance signal processing circuit 2 which con- 
verts the video signal supplied from the NTSC demod- 
ulation speed conversion circuit 1 to an RGB signal; an 
A/D converter 3 which performs A/D conversion for the 
RGB signal supplied from the chrominance signal 



processing circuit 2; an FRC circuit 4 which converts the 
frame rate of the RGB signal supplied from the A/D con- 
verter 3; a liquid crystal driver 5 which performs driving 
so as to supply the video signal level to the pixels of 
5 every horizontal line of a plasma address liquid crystal 
display (hereinafter referred to as a PALC) 10 based on 
the RGB signal supplied from the FRC circuit 4; a liquid 
crystal display controller 6 which generates a timing sig- 
nal in synchronization with the video signal supplied 
10 from the NTSC demodulation speed conversion circuit 
1 ; a plasma driver 7 which drives the pixels of every hor- 
izontal line of the PALC 10 based on the timing signal; 
a backlight 8 which gives off light to the PALC 10; a lu- 
minance setting means 9 which adjusts the luminance 
15 of the backlight 8; and a PALC 1 0 which is driven by the 
liquid crystal driver 5 and the plasma driver 7 and dis- 
plays an image with the luminance of the backlight 8 ad- 
justed by the luminance setting means 9. 

The NTSC demodulation speed conversion circuit 
20 1 is supplied with an NTSC composite video signal for 
a UHF broadcast from a UV tuner, for a VHF broadcast 
from the a UV tuner, and for a BS broadcast from a BS 
tuner by the switching of the control unit provided on the 
outside of the liquid crystal display apparatus. 
25 This NTSC demodulation speed conversion circuit 
1 is provided with a demodulation unit which demodu- 
lates the NTSC composite video signal to a luminance 
signal and to a chrominance signal based on the lumi- 
nance signal; a frame memory storing the chrominance 
30 signal for every frame; a movement detection unit which 
detects the movement of the image from the chromi- 
nance signal stored in the frame memory; and an inter- 
polation processing unit which applies interpolation 
processing to the chrominance signal based on the 
35 movement detection unit. In a static picture region in 
which the nonexistence of movement is detected by the 
movement detection unit, the signal is read out contin- 
uously by double speed from the frame memory. In the 
moving picture region in which existence of movement 
40 is detected at the movement detection unit, internal in- 
terpolation is carried out at the video signal level of the 
horizontal lines above and beneath each horizontal line, 
the signal is read out by double speed, is converted to 
a non-interlace signal of 525 H/60 Hz, and is supplied 
45 to the chrominance signal processing circuit 2. The lu- 
minance signal demodulated at the demodulation unit 
and the non-interlace signal are supplied to the liquid 
crystal display controller 6. 

The chrominance signal processing circuit 2 adjusts 
50 the color hue of the chrominance signal supplied from 
the NTSC demodulation speed conversion circuit 1 and 
applies inverse matrix conversion processing to this to 
generate an RGB signal. 

In the A/D converter 3, the video signal level of the 
55 RGB signal supplied from the chrominance signal 
processing circuit 2 is subjected to A/D conversion with 
a quantization precision of 8 bits. 

In the FRC circuit 4, rounding processing of the 
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least significant bit of the RGB signal digitalized with the 
quantization precision of 8 bits supplied from the A/D 
converter 3 is applied, and the resultant signal is con- 
verted to the RGB signal quantized by 7 bits. 

In the liquid crystal driver 5, the video signal level 
of the video signal of each RGB having a resolving pow- 
er of 7 bits which is supplied from the FRC circuit 4 is 
formed by 128 tones and is supplied to the transparent 
electrodes of the pixels of every horizontal line of the 
PALC 10 to drive the same. 

The liquid crystal display controller 6 generates a 
timing signal based on the luminance signal supplied 
from the NTSC demodulation speed conversion circuit 

I for every pixel of the PALC 10 and generates a speed 
H clock signal based on the non-interlace signal. It sup- 
plies the timing signal to the liquid crystal driver 5 and 
plasma driver 7 and supplies the speed H clock signal 
to the plasma driver 7. 

The liquid crystal display controller 6 is provided 
with, as shown in Fig. 3, a timing signal generation circuit 

I I which is supplied with the horizontal/vertical synchro- 
nization signal from the NTSC demodulation speed con- 
version circuit 1 anc generates the timing signal for op- 
erating the liquid crystal driver 5 and the plasma driver 
7 in synchronization; an amplifier 1 2 which amplifies the 
video signal supplied from the NTSC demodulation 
speed conversion circuit 1 to any variably set amplifica- 
tion rate; a time counting means 1 3 for counting the time 
continued when the video signal level of the video signal 
is the predetermined level or less; an amplitude detect- 
ing means 14 for detecting the amplitude of the video 
signal level of the video signal; and a transitory signal 
detecting means 1 5 for detecting a transitory state of the 
video signal. 

In the time counting means 1 3, when the video sig- 
nal level is the non-signal level or more, the count value 
is reset and the time when the video signal level is the 
non-signal level is counted. When the counted time be- 
comes the predetermined time or longer, the luminance 
of the backlight 8 is lowered by the luminance setting 
means 9. 

In the amplitude detecting means 14, the amplitude 
of the video signal level is detected. When the amplitude 
is the predetermined level or less, the amplification rate 
of the amplifier 12 is increased in accordance with the 
video signal level and, at the same time, the luminance 
of the backlight 8 is lowered by the luminance setting 
means 9. Also, when the amplitude is at the predeter- 
mined level or more, the amplification rate of the ampli- 
fier 12 is brought to "1". 

I n the transitory signal detecting means 1 5, the tran- 
sitory state of the video signal at the time of selection of 
a station and at the time of the power source voltage is 
turned on or off is detected. The luminance of the back- 
light 8 is lowered by the luminance setting means 9 
when detecting a transitory state. 

In the liquid crystal display controller 6 of the above 
configuration, when the video signal is not supplied, the 



luminance of the backlight 8 is lowered by the luminance 
setting means 9 based on the count result of the time 
counting means 13. Also, where the video signal level 
is small, the video signal level is amplified by the ampli- 

5 fier 12 based on the detection result of the amplitude 
detecting means 14 and, at the same time, the lumi- 
nance of the backlight 8 is lowered by the luminance 
setting means 9. Also, when the video signal is in a tran- 
sitory state, the luminance of the backlight 8 is lowered 

10 by the luminance setting means 9. 

The plasma driver 7 performs driving so as to se- 
quentially perform switch scanning of the cathode and 
anode electrodes of the plasma chambers of the PALC 
10 in a horizontal direction in synchronization with the 

15 liquid crystal driver 5 during a period when the liquid 
crystal driver 5 drives the transparent electrodes of eve- 
ry horizontal line of the PALC 10 and sequentially per- 
forms plasma discharging of the plasma chambers. The 
backlight 8 is provided so as to emit a light from the back- 

20 surface to the main surface of the PALC 10 so that the 
luminance is set variably. 

The luminance setting means 9 lowers the lumi- 
nance by lowering the power to be supplied to the back- 
light 8 when the non-signal level is detected for the pre- 

25 determined time or more at the time detecting means 
1 3, or stops the supply of the power, thereby to stabilize 
the screen of the PALC 1 0 and suppress the power con- 
sumption of the backlight 8. Also, it lowers the power 
supplied to the backlight 8 in accordance with the low- 

30 ering of the video signal level based on the detection 
result of the amplitude detecting means 14 and lowers 
the luminance, thereby to suppress the reduction of the 
intensity which can be displayed by the PALC 10. 
The PALC 10 is a liquid crystal display of a system 

35 driving the pixels by utilizing the discharged plasma. Ex- 
amples of a plasma address liquid crystal apparatus 
which a liquid crystal display having a large screen can 
be produced at low cost with a high manufacturing yield 
and which realizes a high resolution and high contrast 

40 are disclosed in for example Japanese Unexamined 
Patent Publication No. Hei 1-217396 and Japanese Un- 
examined Patent Publication No. Hei 4-265931. In this 
PALC 10, plasma chambers 21 provided in a glass sub- 
strate 20 and a liquid crystal layer 26 which is an electro- 
ns optic material are arranged so as to face each other via 
a sheet 25 of a thin dielectric body made of glass or the 
like as shown in Fig. 4. The plasma chambers 21 are 
constituted by forming a plurality of grooves in parallel 
to each other on a top face of the glass substrate 20. 

50 For example, 450 grooves are formed. In the respective 
grooves, a gas which can be ionized such as helium, 
neon, argon, or a mixed gas of them is sealed. Also, in 
each of the grooves, a pair of an anode electrode 22 
and a cathode electrode 23 are provided in parallel to 

55 each other for producing the discharging plasma by ion- 
izing the gas of the plasma chambers 21. On the other 
hand, the liquid crystal layer 26 is arranged on the top 
face of the glass substrate 20 and sandwiched by the 
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sheet 25 of the dielectric body and a color filter 27 in 
which polarization filters for three colors, i.e., red, green, 
and blue are provided. In the color filter 27 on parallel 
lines which are orthogonal to the plasma chambers 21 , 
constituted by the grooves, for example, 765 transpar- 
ent electrodes 28 are provided for every 1 horizontal 
line. Intersecting portions of these transparent elec- 
trodes 28 and plasma chambers 21 act as 450 x 768 
pixels. Also, the backlight 8 is provided so as to face the 
transparent electrodes 28 via the color filter 27 from the 
glass substrate 20 to give off light to the entire display 
screen of the PALC 10. 

In the PALC 10, while the liquid crystal driver 5 is 
driving the transparent electrodes 28 of the pixels of 
every horizontal line by a video signal level of each pixel 
of for example a full scale of 60 V, in synchronization 
with the drive operation of the liquid crystal driver 5, the 
plasma driver 7 performs driving so as to sequentially 
scan the plasma chambers 21 of the PALC 1 0 by switch- 
ing the horizontal direction lines by setting the anode 
electrode 22 to the ground potential and setting for ex- 
ample the cathode electrode to -300 V, sequentially 
causes plasma discharge of the plasma chambers 21, 
and sequentially holds the video signal level at the pixels 
arranged on the horizontal lines. Similarly, the video sig- 
nal level is sequentially held at the pixels of every hori- 
zontal line, and the renewal of the video signal is carried 
out every 1 frame, thereby to display the image. 

Note that, in the above-described embodiment, an 
explanation was made of a case where the plasma ad- 
dress liquid crystal apparatus was used as the liquid 
crystal display, but the present invention is not restricted 
to such a liquid crystal display and can be applied also 
to a case of the liquid crystal display of an active matrix 
system providing active elements such as transistors as 
the transparent electrodes of the pixels arranged, for ex- 
ample, in the form of matrix and driving the active ele- 
ments. 

As explained in detail above, by the liquid crystal 
display apparatus according to the present invention, 
when the amplitude of the video signal detected by the 
amplitude detecting means is small, it is possible to low- 
er the luminance of the backlight by the luminance set- 
ting means so as to suppress a reduction in the intensity 
which can be displayed by the liquid crystal display. For 
this reason, it becomes possible to hold an optimum dis- 
play state and output an image of a high grade. 

Also, when the amplitude of the video signal detect- 
ed by the amplitude detecting means is small, it is pos- 
sible to lower the luminance of the backlight and in- 
crease the amplification rate of the amplifier by the in- 
tensity setting means so as to suppress the reduction of 
the intensity which can be displayed by the liquid crystal 
display. For this reason, it becomes possible to hold an 
optimum display state and display an image of a high 
grade. 

Further, when the predetermined time is counted by 
the time counting means, it is possible to reduce the lu- 



minance or stop the emission of the backlight by the lu- 
minance setting means, whereby the liquid crystal dis- 
play displays an image by a black level etc. For this rea- 
son, a stable display of an image of a black level etc. is 

5 possible without a necessity of supplying driving power 
to the liquid crystal display and supplying power to the 
backlight and while achieving a low power consumption. 

Still further, when a transitory state of the video sig- 
nal is detected by the transitory signal detecting means, 

10 it is possible to lower the luminance or stop the emission 
of the backlight by the luminance setting means, where- 
by the liquid crystal display displays an image by a black 
level etc. For this reason, a stable display of an image 
of a black level etc. is possible without a necessity of 

is supplying driving power to the liquid crystal display and 
supplying power to the backlight and while achieving a 
low power consumption. 

While the invention has been described by refer- 
ence to specific embodiments chosen for purposes of 

20 illustration, it should be apparent that numerous modifi- 
cations could be made thereto by those skilled in the art 
without departing from the scope of the invention as de- 
fined in the claims. 



1. A liquid crystal display apparatus comprising: 

30 an amplitude detecting means (14) for detect- 

ing an amplitude of a supplied video signal; 

a liquid crystal display (10) for displaying an im- 
age on its main surface based on the video sig- 
35 nal; 

a backlight (8) for emitting a light from the back 
surface of the liquid crystal display to the main 
surface, characterised in that said backlight (8) 
40 has a variably settable luminance; and 

a setting means (9) for variably setting the lu- 
minance of the backlight (8) based on the am- 
plitude detected by the amplitude detecting 
45 means (14). 

2. A liquid crystal display apparatus according to claim 
1 , further comprising: 

50 an amplifier (1 2) for amplifying the video signal 

and having a selectably variable amplification 
rate; 

wherein the setting means (9) is adapted to var- 
55 iably set the luminance of the backlight (8) and 

the amplification rate of the amplifier (1 2) based 
on the amplitude detected by the amplitude de- 
tecting means. 
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3. A liquid crystal display apparatus according to claim 
1 or 2, further comprising: 

a time counting means (1 3) for counting a time 
of continuation of a non-signal level of the sup- 
plied video signal; 



a luminance setting means (9) for variably set- 
ting the luminance of the backlight (8) when the 
transitory state is detected by the transitory sig- 
nal detecting means (15). 



wherein the setting means (9) is adapted to var- 
iably set the luminance of the backlight (8) 
based on the continuation time counted by the 
time counting means (13). 



70 



4. A liquid crystal display apparatus according to claim 
1 , 2 or 3, further comprising: 

a transitory signal detecting means (1 5) for de- 
tecting the transitory state of the supplied video 
signal; 



75 



wherein the setting means (9) is adapted to var- 
iably set the luminance of the backlight (8) 
when the transitory state is detected by the 
transitory signal detecting means (15). 
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5. A liquid crystal display apparatus comprising: 



25 



a time counting means (1 3) for counting a time 
of continuation of a non-signal level of the sup- 
plied video signal; 

a liquid crystal display (10) for displaying an im- 
age on its main surface based on the video sig- 
nal; 



30 



a backlight (8) for emitting a light from the back 
surface of the liquid crystal display (10) to the 
main surface, said backlight having a variably 
settable luminance; and 



35 



a luminance setting means (9) for variably set- 
ting the luminance of the backlight (8) based on 
the continuation time counted by the time 
counting means (13). 



40 



6. A liquid crystal display apparatus comprising: 



45 



a transitory signal detecting means (1 5) for de- 
tecting the transitory state of the supplied video 
signal; 

a liquid crystal display (10) for displaying an im- 
age on its main surface based on the video sig- 
nal; 



50 



a backlight (8) for emitting a light from the back 
surface of the liquid crystal display (10) to the 
main surface, said backlight (8) having a vari- 
ably settable luminance; and 
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